In this work, we study the thermoelastic properties of an isotropic and homogeneous one dimensional semi-infinite elastic medium subjected to a laser short-pulse heating of time exponentially decaying pulse type in the light of the new theory of fractional order strain thermoelasticity. The solution for temperature, stress and strain distribution functions has been obtained in the Laplace domain. To obtain the different inverse field functions numerically we used a complex inversion formula of Laplace transform based on a Fourier expansion. The effects of different parameters; namely; the pulse intensity, time, fractional order and relaxation time on the thermodynamical temperature, stress and on the strain distribution, are presented graphically.
and time domains owing to the technique used in perturbation method [10] . For instance, Ready [13] gave the analytical solution for constant intensity laser pulse heating while
Blackwell [14] presented the closed-form solution for temperature field considering a convective boundary at the surface. Later, analytical solutions for temperature rise due to laser pulses similar to those used in real life laser heating was given by Yilbas [15] and Yilbas and Kalyon [16] .
The above solutions were just based on solid heating and not on surface evaporation due to the complexity of its na- In recent times, fractional calculus has been proved useful 
Another definition was proposed by Caputo [27]: 
whereas according to the definition of Riemann-Liouville it holds:
However, if f (0) = 0 then, the fractional derivative defined by Caputos and Riemann -Liouville is the same as [28].
The case 0 < β < 1 represents the weak diffusion, while β = 1 represents normal diffusion, 1 < β < 2 is strong diffusion whereas β = 2 represents the ballistic diffusion. to the fractional order with heat conduction. By considering derivatives of order 0 < β ≤ 2, Sherief et al [31] derived the following heat conduction equation:
where κ is the thermal diffusivity coefficient.
Youssef [32] introduced a new form of the heat conduction law as follows: [35] - [36] and many other authors [37] [38] [39] [40] .
Within the framework of the new theory of generalized thermo-elasticity with fractional order strain equation given by Youssef [39] ; we investigate in the present study, the thermoelastic properties of an isotropic and homogeneous one dimensional semi-infinite elastic medium subjected to a laser short-pulse heating of time conduction exponentially decaying pulses type. Based on the definition introduced by Podlubny [38] given by: 
One Dimensional Formulation
In industrial applications of laser, in general, the size of the laser spot at the work piece is small and the absorption depth of the work piece is considerably smaller than the thickness of the work piece. Consequently, one-dimensional heating situation may become appropriate to formulate the heating problem [41] . For this we consider a half-space (x ≥ 0) with the x-axis pointing into the medium with initial temperature distribution T 0 . This half-space is irradiated uniformly the bounding plane (x = 0) with nonGaussian laser pulse. We assume that there are no body forces affecting the medium and all the state functions initially are equal to zero. The generalized thermoelastic governing differential equations, in the absence of body force, inner heat sources and free charge can be found in Youssef [39] . For the present one dimensional model, it is convenient to assume the following form of the displacement:
where u x is the component of the displacement vector and the following one dimensional linearized system of equations given by:
The heat equation:
where K is the thermal conductivity, τ o is the relaxation time, ρ is the density, C E is the specific heat at constant stain, T 0 is the reference temperature, γ = α T (3λ + 2µ),
is the temperature increment such that θ/T 0 ≪ 1, I 1 is the power intensity , δ is the absorption coefficient, Ω is pulse parameter and e is the cubic dilatation. 
and the constitutive equation can be written in the form:
and e(x, t) = ∂u(x, t) ∂x
where λ, µ are Lamé constants and σ is the principal stress component.
The medium is traction free and it is subjected to the following boundary conditions at the near end x = 0 :
and it satisfies the following conditions at x = ∞ θ(∞, t) = 0, , σ(∞, t) = 0, 0 < t < ∞ (14)
The medium is assumed to be initially at rest and has reference temperature T 0 so that the initial conditions become:
It is convenient now to introduce the following dimensionless variables Youssef [39] 
where c o is the longitudinal wave speed and η is the thermal viscosity.
Using equations (16) after dropping the primes for convenience,into the equations (9) and (10) lead to:
∂ 2 e(x, t)
while the constitutive equations (11) and (12) become:
where
and ε 2 = I1δ(1−τoΩ) coηK are non dimensional constants.
Using the definition of Laplace transform with the Laplace transform for the fractional order derivative according to Podlubny [38] :
where s denotes the complex parameter related to Laplace transform. Following Youssef [39] , we apply the transformations (21) and (22) to the of equations (17) - (20), we get the following generalized thermoelasticity system of equations based on the fractional order strain equation of generalized thermoelasticity [39] : the heat equation takes the following form:
and the transformed equation of motion assumes the form;
while the transformed constitutive equations take the form;
Combining equations (24) and (25) gives:
where ε = ε2 s+Ω .
Solution in the Laplace Domain
Eliminating e between the equations (23) and (24), we get the following fourth order equation;
The most general solution of equation (28) is of the form:
where ψ = −c/(b − aδ 2 + δ 4 ) and ±k 1 , ±k 2 are the roots of the characteristic equation:
It is worth mentioning that the roots of the characteristic equation (28) are functions of s and given by:
Hence the most general solution of the equations (23) and (24) take the following forms: Using the dimensionless variables (16) and applying the Laplace transform to the boundary and initial conditions (13), (14) and (15) respectively yield: the boundary conditions in Laplace domain:
while the initial conditions (15) take the following forms:
Using these conditions, the parameters L, θ i and f i (s), i = 1, 2 are determined as given below:
Equations (30), (33) and (34) represent the complete solution in the Laplace transform domain.
Numerical Inversion of the Laplace Transform
To obtain the solutions of the non-dimensional field functions in the domain of Laplace, we compute numerically the inverse of these field functions by a method based on Fourier expansion technique. In this technique, the original function f (t) of the Laplace transform f (s) is approximated by:
where ℜ is the real part, i is imaginary number unit and N is a sufficiently large integer representing the number of terms in the truncated Fourier series chosen such that:
where ǫ 1 is prescribed small positive number that corresponds to the degree of accuracy required. The parameter c is a positive free parameter that must be greater than the real part of all the singularities of f (s) . The optimal choice of c was obtained according to the criteria described in Honig and Hirdes [42] .
Numerical Results and Discussion
For numerical computation, we use the following physical constants of copper materials extracted from [39] : Gradual decay has been noticed as x-axis increases due to the internal energy gain from the irradiated field. It is also noticed that the temperature initially increases with increasing the value of the time near the heated end.
This may be due to the increased absorbed energy which over compensates the heat loss due to the heat conduction inside the material. 
Conclusions
The effect of the parameters Ω, β and t are studied and it is noticed that:
All the field functions θ, σ and e are strongly influenced by the parameters Ω, β and t.
The increase of the value of the parameters Ω and β results in decreasing the absolute value of the amplitude of these field functions, but the increase of the parameter t results in increasing these amplitudes.
The behaviour of the thermally induced stress and strain of the medium resemble the same behaviour except at x = 0.
The components of the stress and strain attain the equilibrium state at the same points with the variation of the parameters.
The thermodynamical temperature attains its equilibrium state faster than the stress and strain functions. It attains the equilibrium state at x = 0.
All figures illustrate that the numerical solution of the field functions satisfies the boundary conditions. 
